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ON NEA’+BYW lYGS*

By Ho Falk m

kiditloral fercos are proba~;lyexerted upon a “
supportin~ wing, for instance a tail unit, if it is
located behind a propulsion unit with an emitted jet.
These forces mst be traced baclcto the presence of the
jot. F’igurc 1 rop-esents schemat~cally s-~c-nan arrau@-
ment. Forces of’this l:indm&y ~isturb the stability of
flight ● A basic test \7ill help us to tiscertainthe
influential parameters and to determine the ua.gnitude cf
the forces..----- —— ——

“;+f~rMinfluss eines ‘i’riebwcmkstrakleaauf einen in
lf~he bofindlichen F3i.&el,‘tIhuts che Luftfahrtforachung,
‘tlhtorsuchun~ und I!itteilungen Hr. 3200.
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Essentiall~, there we two effects of decisive
importance. The f~.rsteffect Is bassd on potential
theory and was already treated by P. Huilen (1) for the
caee of’a plane wing in the proximity d’ a plane jet
(or of a re~lon wtth slow fl.cw), The pressuz-edistrl-
b:lti.onon the wing is distuiibcdby the unevsn distribution
of the total pres3ure; additional forces result.
fore,

There -
the thicknese cf the w:.r]&’will Do cf f%rel~i~st

importance in this effect. (other qualtit.i~s of i~:fluen~~
will be discussed 18ter.) An inf’iritel~:12iill Wilq at
zero an;:leof att~iclcwill. not expmi.ence any f’orces.

The followi~ ptina:.lctevtisme ..-rcbahlythe most
inf’luontial ones: the jlrO~.1lSiO.1jst, which fcr this
investi~;ation is assured to be unhcetad, will be charac-
terized by its velocity vA in the exit oI’the pro-
pulsion unit. vA diffrrs from the undisturbed oncoml~

flow Vo. Apart from tileratio VJ+O of the two

velocttfles the dlfferdnce ‘A - V. wtll also pla~ an

impcrtant part. (Comp5re (5). )

The position of t% win[;In relatlon to tho jet w1ll
be motit im:ortant j’orthe Intcrfcre?!ca effect upon the
wing; t}lerefore, in our caso of the rotation+.1.lysyw...etrical
jet tho coordin8tF,s x and z of’for instmce the
loading eiQe in tho coordinate syctem ch=acterized in
fl<qmre 1 will be of main importance . The wi~ s~an and
the coordinate of’the IF.?.nuIn the diractlon of’the ~pan
are not co:]sidered in our ~..lvcsti~utionsinco we ass~mo
the s~an in bcth d?rec tions to b~ large co.n:~medxith the
jot dinmcter. On ths wln~ lhsblf’its thickness d and
Its chord t .Wiilbe of’i .~luti-ncI;,the

?
r#tio Cl/t

no less than the ratio d dA (thiCtilJ~=flOf the win&-
jet diametdr ). The prof’~.leform, which will also be of
influence, was ch&nged but sli~htly in our experiments
sinco existin~ wings are to be used far the mess-mements;
we limited ourselves to symmctric~l prafilos. Both the

. ..- .- _.. - .
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propulsion unft and the wing may be inclined toward. the
direction of’the oncoiningflow and so form an angle with. . .
resp<c~- to “each other also. Invbsitigations were made
only for conditions of qpmnotry so as to hold down the
ext~nt of the measurements; moreover, the wing was alwap
adjust~!din the direction of the undisturbed oncoming
flow so that without interference effect the lift was
zero, In most of the experl-nents the jet lcf’tthe pro-
pulsion unit in the direction of tho onconirq flow. Only
in a few cas~s the axis of the propulsion unit was
inclined at an angle a toward tkw oncoming flow.

region O < z/dA< 4 were me&sured. Seven different
ratios ~~vo, nam~lY v~ho = 0.”/7, 1.55, 2.05, 2.5, 3,0,
and, 4.0 aru apportlonad to each point behind the pro-
pulsion untt. The first value c.orrasponds to the model
propulsion -init at rest. Additional maasurenents were
t&l:m i’orstatic conditions. The ~-~aswemellt does not
exrctly conform to the value v#o = - since tho whole
wind-tunnel jet had been put into G alight motion.
f3enUrally, tha jet velocity vA was kept constent &t
~0 m/s; v. was changed accorGin@y.

Three different wln.gswfth s~etrlc~l “profiles and
thcifollowl~r characteristics were Et our disposal for
measurement:

.
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stream pvo?/2 and to the *eP. dA x 20 The jet

—- - ,,,—., ,. .,. ., - ,—. — ■ ✌✎✍✌ ✎ ✌✎✌ ✎✎✌✌✌ ✌✌



,.

d
.—../. .

.

The extreme value of c * lies for all x-values
n-ear the $et boundary; with !ncreasing x It moves. .
sl:*tly-’(jut-w~~~’;‘VJtth- I@. - dlmi.nlshing the ..maxlmuq

value C a++ aloo decreases. The lateral force which is

directed toward the jet for vA/vo > 1 ‘ should have the—
opposite direction for V}]vo < 1. This circumstance i.s
not always brought out clearly by the measureinent, due
probably to inaccuracies in moasuriilg.

Generally speaking, the same conditions prevail for
wings II and III as for wing I as shcwn in fl~es 4.
and 5. The cmrse of the curve retains the same form;
nor do~s the local position of ths maximum chanc%. The
maxima for the three v~in@’differ in size only.

Fig’me 6 shcws the results of measurements for
static cxulitions. I-Yeretie lif’tcoefficients ca**
are referred to pvA2/’2. I!he~i’aphs show the course for

vazzlcms x-values.

The metisurements for the win~ with the propulsIon
unit at an incl~nation are compiled in fi~lmes ‘(,8,
end 9. The cwves are not symmetrical with lae~nrd to
the zero point. A rc.n~e of di.:”ectinrluence must be
distfy~uished f’rcmu rcgton of interfere:]ce. If the jet
is pointed at the wing there resuits in our arrtin~ement
e ne~ativ+. lift of tbc winr. In tlnomain, the same cmrse
appews for the positive ca+$ v~l.uesau 5.ndicaC5d for

a = o~. The ne~ative Ca* values att~In maximum values
wb.ich dift’erconsiderably from the positive ones. The
slope toward zero is much greater for the negative values
than It was in the posttlve secticn. With increasing x
the point of transition throuqjhthe zero line approaches
bi@r z-values.

A number of corrections had to be i]~troduced in
evaluating the results of measurement; these corrections
shall.be l.amatedsubsequently. Each wing showed a small
lift even without propulsion jot; this lift is caused
by the one-sided suspension of the propulsion unit.
Another effect of diswmbance is to be traced back to the
position of tho propulsion unit with respect to the
openfn& of the nozzle. A normal formation of the open-
jet is increasin@y Impeded the more the propulsion unit

—. — .— . — -. -. —
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is shifted from the center oi’the jet tOw&-d the
boundary. The groatast disturbamx Is to be e~octed
for tie values X/dA = 8 and relatively h@ values

of z/dA because in this case the Nropuls!on unit Is
suspended quite nem the opining of’t.lenozzle and
c&l,Ls2s the mwimlm def?lecti.onof tliejet. Vatw-al]y,
the de~ormaticm or the jet alsc d~peadc+upon the ~’orce
of t-iw?prog”d-~s~onjet and the irmlinat:on of the pro-
pul.sion unit.

were rccogni.zad us the moat tr.pcmtankremaining p41ametars.



~a* was assumed to be proportional to vA - v. or

vA/vo N 1; this proportion is physically plaustble for

the mixing effect only, not for the potential flow. The
remaining quantity

*
Ca A= ———

VA 2
—. 1 “vOdAXz(+ -l)
‘o 5

will be a function cf the thickness of the wing d and
first of all, based on considerations of ~otential theory,
a f’uncticm of the ratio d/z ●. Here also we a~sumed a
line6r dependency. Furthermore the ratio of d/~-i

(thlc!:nensof the wing diameter of the jet) also will4a;~pear;for it is t~asly coniceivahle that a thin jet will
hav~. less Influence than a jet of Fy?oEit cxtont as compared
to tha th!ckness of the vrin~. ‘tiedetermined the kind of
this deper~dency emptricaily, using the maximum values

Cm*” It becomes obvioas that d/dA also will appear

In linenr dependency, &nd that the maxima
ments can be reproduced fi?ra~li~.gly well by

%-
cm =lq+;(+-

in all measure-
th~ relation

1’)

as shown In figure 10. Therafore, the value of *
cam

Increases with vA/vo increcscs with d/Z and decreases

With d/d4a. i’Jenow tried to ropresont the whole course

C)fcurVEIS OVer Z/dA also by approximate curves, and, to

th~s end, divided the measured Ca++ values by c~;$m

Figure 10 shows that here also It is possible to draw
a uniform curve throu@ all the ‘expurlrnantalpoints. The
dispersion is, in the main, UIMySteLlatiC and the points
with the lar~est dispersion on the average may be
attributed to the two small values ‘A/vo = 2 “‘~ ‘d

‘A/vo = 1.85; there the inaccuracies of measurement in

this graph azze,quite naturally, most noticeable. (These
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values are
obtaj.nthe
fl~e 11.

!lTncse

IJACATM ~Oa llC!+

@.ven with crossed out signs~] ~ this way we
approximate curves represented graphical.ly in

cmwes, to-getherwith the foruula for Cam+$
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The mutual Influence of a jet produced by a wo- .
pulslon unit and a nsarby wing WQS investigated. The
tests ooncerned mainly three different wings. These
wings were suspended in such a manner that they had
practically no lift without the influence of the jet;
the interference lift was measured. The most important
qualtltles of influence can be determined from the
results. .They are, apart from thu geometrical position
of the wing toward the jet, the velocity ratio vA/vo

the chord Z of the wing and the thickness of the
wing d; for d both the ratios d/z and d/dA

(relation to the diameter of the jet) L-@eof Importance.
Approximate formulas f’orthe li.f’tto be expected were
glv3n. A few short tests treat the case of a propulsion
unit in yawed flow. Accordin& to tho results it is
possible to ii.x,for Instance, the position of a tail
unit in such a way that the influence in the case of
stral~t flow is only very alight. Noticeable and
unwelcome effects are to be expected only when the jot
is pointed directly at the wing or 5.stangent to It.
Therefore, for a projects knowledro of the course of the
jet under as ma:l~rdifferent fli~ht conditions as possible
should be euphaslzed. These qut3stions are also especially
Important with rospcct to the ~roblem treated here,
because the spreadinC of the jet depends consider&bly
upon the form of the Tlllet for the Installation and upon
the ~ossibility of a sufficient ventilation from all
sides. This dependency Is especially obvious where the
propulsion unit has been installed on the outside.

Translated by Mary L. Mahler
National Advisory Committee for Aeronautics
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